


































Draft cross sections produced by Jones (1987) were reviewed and 
compared with: well logs on file with Ecology, The Shoreline Atlas 
for Island County, several USGS geologic reports, and various 
consultants reports. 	In order to maintain continuity with the 
soon-to-be-published modeling study of the county, we have used the 
alphabetic aquifer designations used by Sapik (in-press). 

3. WELL AND AQUIFER YIELD 

Potential well yield Is the amount of water that a single, properly 
designed and constructed well can produce. Potential aquifer yield is 
defined as the amount of water that can be withdrawn from an aquifer 
using as many wells as needed, causing environmental changes (such as 
saltwater intrusion) that are acceptable. 	Potential well yield is 
often realized while potential aquifer yield is unlikely to be achieved 
as wells are not usually placed at optimal locations, of optimal 
design, nor operated at optimal pumping schedules. 	Based on 
full-development programs in other parts of the country where saltwater 
intrusion is a factor, the cost for total, safe (non-degrading) 
development of Island County aquifers would be prohibitive. 

We have estimated potential well yields for each of the subareas so 
that possible regional supply areas can be identified. Regional supply 
areas typically require well yields of 1,000+ gpm. In Island County, 
where well yields can be quite a bit less than in other parts of 
western Washington, we have used a 250 gpm minimum limit for potential 
regional supply wells. Several of these wells completed in an area may 
be viable as a regional supply well field. 

A. Methodology 

We used the specific capacity method to estimate short-term (one 
week) potential well yield. Where well driller's records included 
data for either pump- or bail-testing, the potential yield was 
estimated by: 

Q — 2/3 * Sc * Ad 

Where: 

Sc is the short-term specific capacity (equal to the pumping rate 
divided by the drawdown during a one- to four-hour test). Ad is the 
available drawdown (the difference between the static water 
elevation and the elevation of the well screen or mean sea level 
where the pump could be located). The two-thirds factor allows for 
reduced water levels during dry periods and decreased specific 
capacity during long-term pumping. 

For some of the 450 wells included in a five-year water quality 
database compiled by the USGS, transmissivities (where listed) were 
converted to approximate specific capacities using the method of 
Walton (1962). 	In cases where the well was finished below sea 
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level, available drawdown was taken as the difference between the 
static water level and sea level. Limiting drawdown to sea level 
allows the calculation of potential yield where saltwater intrusion 
is not likely to be induced by over pumping. In some cases, the 
potential yield is less than the actual current yield, where wells 
operate such that the pumping water level is below sea level. 

Yield from each individual aquifer has not been calculated as part 
of this project as the necessary information has not been collected 
for the County. We have estimated potential total yield from each 
subarea (discussed above). 

4. EXISTING WATER APPROPRIATIONS  

Water that is currently being used either through human activities or 
through necessary natural discharge, represents water that is already 
allocated and not available for additional groundwater development. 
Water wells with registered rights represent a major type of existing 
use. Recorded water rights information is available from the files of 
the Department of Ecology. 	This type of water use is readily 
quantified. Unrecorded water rights are also a type of existing water 
use. As they are unrecorded, it is only possible to estimate their 
total impact on total water use. Since this type of use is usually 
small relative to total groundwater use, errors caused by overlooking 
unregistered wells are typically offset by over estimating 
registered-right water well use. Typically most registered wells are 
pumped at less than their allocated rights over the course of a year. 
Since our analysis assumes that wells are pumped at their registered 
rates, the errors of not counting unregistered wells and over 
estimating use by registered wells tend to be self canceling. In some 
cases, the impact of unregistered wells may be significant on a local 
scale. Therefore, further studies focused on smaller areas may require 
compilation of unregistered wells. 

Groundwater discharge to the surrounding water of Island County 
represents another type of "existing water use" in Island County. This 
discharge is necessary to maintain the balance between the 
saltwater-freshwater interface within the aquifers. 	Overuse of this 
discharge can lead to saltwater intrusion. 	This discharge is not 
quantified in our water budget. 	Instead we are assuming that while 
additional withdrawals are increased, monitoring will also be increased 
as the upper range of the recommended withdrawal rate is approached. 
In this way performance of the system will indicate whether discharge 
is adequate to maintain the saltwater-freshwater interface at positions 
that are acceptable. The USGS model has been designed to estimate the 
position of the interface. 

Discharge to maintain surface water flows is not a significant factor 
in Island County. There are no mandated minimum river or stream flows 
(thereby requiring groundwater discharge) in Island County. Wetlands 
are caused either by low permeability soils in recharge areas and/or 
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discharge of groundwater in discharge zones. No effort was made to 
II 	 assess the groundwater component in the County's wetlands. 

A. Methodology 

Department of Ecology water right records were reviewed and 
groundwater rights for annual use totaled for each subarea. Effort 
was made to separate supplementary rights and avoid false 
duplication. 	Individual (unrecorded) rights were not totaled and 
the assumption was made that the effects of this type of use were 
canceled by the incomplete use of registered rights. 

5. WATER QUALITY AND SALTWATER INTRUSION 

Saltwater intrusion is the major water quality issue in the County. 
Many coastal communities have experienced degradation of their water 
supplies through over pumping and/or poor well placement. Saltwater 
intrusion can be minimized or reduced with proper management (an 
eventual result, we hope, of this and other related projects). 
Management options include: limiting total groundwater development to 
rates less than the estimated recharge to the aquifer, properly 
locating wells inland away from high pumpage areas, designing and 
operating wells to keep in-casing water levels at or above sea level, 
and monitoring in the aquifer for early indications of degradation. 
The effects of saltwater intrusion are reversible. The time and cost 
required for this process, however, make prevention the preferable 
policy. 

Natural constituents can also be of concern. The most common natural 
contaminants in Island County include iron and manganese. These metals 
have only state secondary water quality standards and are not 
considered harmful when exceeding the standards. 	Typically, shallow 
groundwater will have lower concentrations of natural contaminants than 
deeper groundwater. This situation was not observed in the County as 
is discussed later. 

A. Methodology 

Several sources of information were used to assess saltwater 
intrusion and other types of water quality problems. Chloride and 
electrical conductivity data collected by the USGS on 450 wells in 
the County for the period 1978 through 1983 were compiled into a 
database and wells indicating more than 100 mg/L chloride were 
identified as having indications of saltwater intrusion. A similar 
evaluation was also made for data in older published reports, while 
excessive levels of iron and manganese were also identified in the 
Island County Water System Inventory. 

6. RECHARGE 

Recharge to the groundwater system in all of Island County comes from 
precipitation. 	Recharge occurs when more precipitation enters the 
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ground than is removed by either runoff or evapotranspiration, and flow 
gradients in the underlying groundwater system have a downward 
component. Both of these conditions are met in most of the County such 
that more than 90 percent of the land surface acts as recharge area. 
Surface deposits and their associated ground cover have an impact on 
runoff and evapotranspiration rates. However, because recharge rates 
are generally smaller than the infiltration capacity of the surface 
soils, and evapotranspiration by most of the vegetation typical of the 
County is controlled by limitations in the moisture holding capacity of 
the soil, recharge occurs over practically all areas except the extreme 
coastal and associated near-shore marsh areas. 

The rate of recharge is controlled by precipitation, evapotranspiration 
of water by plants, runoff, and change in soil moisture storage. None 
of these parameters is known with much certainty in Island County, thus 
a wide range of recharge estimates exists for each subarea. 	The 
uncertainty is higher in the southern part of the County where 
precipitation data are contradictory. 	NOAA weather service annual 
rainfall maps (which interpolate between official weather stations) 
disagree by as much as 100 percent with several published and 
unpublished reports for semi-official stations on South Whidbey 
Island. Both sources of data have credibility and were therefore used 
in our evaluation, resulting in a wide range of recharge rates for 
South Whidbey. 

Infiltration of septic effluent from drain fields and return flow from 
irrigation are also types of recharge. 	In order to remain somewhat 
conservative in our analysis, these flows were not quantified. Use of 
these flows in calculating total recharge may be inappropriate for 
long-term planning in that changing land use pattern may result in 
removal of some or all of this potential recharge. In addition, some 
drain field water is evapotranspirated and lost from the system. We 
have assumed all appropriated water is consumed as is legally possible 
and that long-term planning is better based on "natural" recharge alone. 

Evapotranspiration was estimated for the County using the Thornthwaite 
method to estimate potential evapotranspiration. Actual 
evapotranspiration was estimated based on the assumption that the soil 
has an average moisture holding capacity of 6 inches. 	This "water 
depth" of 6 inches is based on an average soil depth of about 3 feet 
and a field capacity of 0.15. 

Runoff was assumed to be small but not negligible. Estimates of runoff 
were made based on the Dunne and Black (1968) mechanism generating 
stormflow. Using our experience, and the number of small intermittent 
and perennial streams indicated on the topographic maps, we estimated 
the approximate range as a percentage of precipitation contributed 
runoff. 
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A. Methodology 

A mass balance for recharge was used where: 

Recharge — Precipitation - Evapotranspiration - Runoff - Storage 
Change 

A range of precipitation data was obtained from climatological data 
collected by the Weather Service, Rainfall data reported in Anderson 
(1968), unpublished USGS collected data (Jones, personal 
_communication, 1987), and unpublished records collected of the 
Island County Extension Service (Meehan, personal communication, 
1987). 	Evapotranspiration was calculated using published 
climatological data. 	Runoff was estimated based on the methods 
described above. Storage change (soil moisture) was assumed to be 
zero over the long-term average. That is, dry years cancel out wet 
years over the long run. 

The results give the daily recharge rate averaged over the year. 
For example, a recharge rate of 1 mgd indicates that 365 million 
gallons are recharged over the year and not that 1 million gallons 
are recharged each and every day. 	Typically, most recharge will 
occur over the wetter months of December through May. 

7. DATA GAPS  

During the course of this evaluation several weaknesses in the 
available data were noted. We believe that it is necessary to augment 
the existing data in order to increase the accuracy of the estimates 
made in this report. 	When the following data are collected and 
reviewed, the current assessment should be revised and modifications 
made where appropriate. 

A. Precipitation 

Precipitation data are not adequate to make the necessary recharge 
calculations for Island County. In some cases there appear to be 
major discrepancies among data sources. The official weather bureau 
isohyetal map disagrees by up to 100 percent with data collected and 
published from several semi-official meteorological stations on 
Whidbey. 	The data for North Whidbey generally agree but the 
differences increase toward the south. 	In several locations on 
South Whidbey, rainfall is reported in the 38 to 40 inches per year 
range, while the "official" map indicates values in the low twenties 
range. Incorrect assessment of rainfall could lead to large errors 
in estimating additional groundwater available for development. In 
our analysis we have used the range of rainfall values to generate a 
range of recommendations for additional withdrawal. 	Additional 
rainfall data (requiring five to ten years to collect) will allow 
for a refinement of the additional withdrawal range. We understand 
that the Island County Extension Service is in the process of 
collecting these data. 
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B. Surficial Geology 

The surficial geology of Island County has only been partially 
mapped (one quadrangle). 	This information is fundamental in 
interpreting the hydrogeology of an area. Typically, this type of 
basic information is produced by the USGS. As of now, we understand 
that no maps are being produced nor are there plans for any major 
mapping in the future. Surficial geology is important in defining 
the geologic units (both at and near the surface), estimating 
recharge, and identifying areas that may have sensitivity in 
supplying infiltrated precipitation to groundwater systems feeding 
saltwater intrusion areas. 

C. Water Levels 

Accurate water level data (especially near coastal areas), including 
relative elevation of the well head or other water level measuring 
point, are not abundant for Island County. Collection of these data 
is vital in estimating flow rates in the aquifers and evaluating 
saltwater intrusion. The data now available can be used to give a 
general sense of flow but more data points, especially for deeper 
aquifers, are needed. The collection of additional data will allow 
for a refined quantification of groundwater resources in the County. 

D. Aquifer Designation 

We have used the definition of the aquifers produced by the USGS (A 
through E) in our assessment. These unit definitions were produced 
for input to the soon-to-be-released numerical groundwater model and 
report on the County. 	These definitions were adequate for the 
purposes of this report, but discrepancies between some of the 
plotted well logs and the continuous aquifers generated by the USGS 
were noted. 	Future refinement of flow in critical areas will 
require a review of the aquifer designations and modification where 
appropriate. 	For example, in some areas on the unpublished cross 
sections, aquifers were projected through silt zones noted on well 
logs. Such projections are required for a modeling effort, but may 
not be appropriate for future detailed reviews of areas sensitive to 
saltwater intrusion. 
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SECTION K-IV 

CAMANO ISLAND 

Camano Island has unappropriated replenishment of storage (and therefore an 
upper bound of potential for development) of 2 mgd to perhaps a much as 10 
mgd of additional groundwater supply. 	Most of this quantity appears 
available in the northern subarea of the island. The narrowness of the 
southern peninsula makes additional groundwater development difficult, 
without producing additional saltwater intrusion problems. 

The island has been divided into a northern and southern subarea for the 
purpose of this report, based on topography and separation of groundwater 
flow systems. The Southern subarea consists of the narrow peninsular area 
south of an imaginary line between Eiger Bay and Mountain View Beach 
(Exhibit K-1). 	The Northern subarea comprises all of the area north of 
this line. Each subarea is discussed below, separately. 

Groundwater use and development in one subarea does not generally effect 
the adjacent subarea, except perhaps near the subarea boundary. Hydrologic 
changes near a boundary may cause an impact across the boundaries 
established for this report. 	These boundaries are not absolute as they 
shift with changes in the water balance. 

Summary data and assessments for Camano Island are included in Table K-1, 
while well and cross section locations are shown on Exhibit K-2. 
Hydrogeologic cross sections are shown on Exhibit K-3. 

1. NORTHERN CAMANO 

Northern Camano has the best potential for development of additional 
supplies on Camano Island. Approximately 1 to 7+ mgd of unappropriated 
annual replenishment to storage may be available for additional use. A 
large number of smaller wells, locally to 250+ gpm, but typically under 
50 gpm, placed inland at least one mile, and adequately separated from 
each other, will be needed to maximize the additional development. The 
central portion of the Island is likely the best area for placement of 
well fields for a small scale regional supply. 

A. Principal Aquifers and Well Yields 

Four of the five main aquifers in Island County have been identified 
in Northern Camano. 	Each of these aquifers is discussed below, 
along with estimates of theoretical, maximum, short-term (one week 
continuous pumping) well yields. The aquifers are discussed from 
shallowest to deepest. 

Aquifer E is only present in the west portion of the subarea, lying 
at elevations of 150 to 350 feet above mean sea level. Although the 
sand and gravel deposits that comprise this unit are up to 90+ feet 
thick, only the lower portion is usually saturated limiting its 
suitability to domestic well use. 	The aquifer typically has a 
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